Effective management of small expanding populations is aided by the availability of reliable estimates of distribution, as well as by demographic characteristics such as population density, genetic diversity and sex ratio. The range of the black bear Ursus americanus in the southeastern United States is expanding to include areas from which it has been extirpated for more than a century. Lack of baseline demographic data in recently reoccupied areas leaves little information on which to base emerging management needs. We estimated the current extent of expansion at the colonizing front of a black bear population in the central Appalachian Mountains and identified landscape-scale habitat characteristics affecting the expansion. In 2007, we genotyped hair samples collected throughout a 8,205-km 2 area at six microsatellite loci to identify individual black bears and estimate genetic diversity. We used capture-recapture and occupancy analyses to estimate density and distribution of black bears in our study area. Our results suggest that black bears were not uniformly distributed, but were localized to high elevations and protected public conservation lands. Limited availability of high elevations to the west, north and northeast of our study area may limit further expansion. Despite a limited distribution and low estimated population density (7.51 bears/100 km 2 ), genetic diversity at genotyped loci was high (mean H o ¼0.81). Until the population grows further, the small number of individuals in the region may be sensitive to management practices that result in mortalities, especially to females. Our research exemplifies the utility of remote genetic sampling to estimate population demographics of wide-ranging mammals throughout a large study area, particularly where private land ownership hinders intensive study.
The spatial distribution and demographics of populations along the edge of a species' geographic range are often complex (Gaston 2003) and thus difficult to monitor. This task is made even more challenging if the focal species typically exists at low population densities (McDonald 2004) . Moreover, logistical challenges associated with rugged, remote terrain, limited access to private land and economic cost also hinder research and monitoring of expanding populations (Flagstad et al. 2004) . Nonetheless, the successful completion of conservation priorities such as predicting how species will be impacted by and respond to global climate change will be, in part, dependent on our ability to empirically characterize factors that drive population expansion. In recent years, non-invasive genetic sampling has become a valuable method for detecting rare and elusive species and estimating population demographics (Waits 2004) . Moreover, several studies have shown that accurate demographic estimates across large spatial extents can be obtained via non-invasive sampling (Mowat & Strobeck 2000 , Dixon et al. 2006 , Schwartz & McKelvey 2009 .
Monitoring colonizing fronts of expanding black bear Ursus americanus populations in remote regions of the Appalachian Mountains in the eastern United States of America appears to be an excellent scenario for the use of non-invasive molecular techniques. Historically, the black bear was distributed throughout the forested portions of eastern North America including the Appalachian Mountains (Hall 1981) . Black bears were extirpated throughout much of the eastern United States by the early 20th century due to unregulated hunting and large-scale habitat loss (Laliaberte & Ripple 2004) . Although the black bear remains extirpated in portions of historically-occupied habitat, within the past several decades, populations have increased, and the species has reoccupied several states, from which it became absent ). This pattern of recovery contrasts with a general pattern of decline among the world's seven other bear species (Servheen et al. 1998) .
Black bear reproduction was documented in Kentucky in 2003 after an absence of more than a century (Unger 2007) . The return of the species to this portion of the Appalachian Mountains coincides with increasing bear populations in neighbouring areas (Virginia Department of Game and Inland Fisheries 2003, West Virginia Department of Natural Resources 2006) , and indicates westward expansion by a regional population that extends from the southern Appalachians into the northeastern United States (Pelton 2003) . Recolonization of historic range by the black bear reflects improved resource management and increased tolerance among people in such areas; however, recovery of any large carnivore species establishes the potential for wildlife/human interaction and conflict. Development of effective management strategies can be hindered by the lack of baseline demographic information, which can be particularly difficult to obtain in areas where private land ownership hinders intensive study or previous harvest data are unavailable.
While black bears have expanded into previously unoccupied regions and reproduction has been documented, anecdotal evidence suggests that population growth and continued expansion appears to be slower in southeastern Kentucky relative to adjacent areas of the Appalachian Mountains (Unger 2007) . We initiated our study because little empirical information exists regarding the distribution and population density of black bears that comprise this colonization front. Additionally, no previous studies have identified landscape-scale factors that may be affecting the westerly expansion of the regional population.
To empirically address these questions, we used remote sampling and molecular genetic techniques to survey black bears throughout recently recolonized areas. We evaluated the genetic diversity of sampled individuals, and we used spatially explicit capture-recapture methods (SECR; Efford et al. 2009 ) to estimate density of black bears in our study area. Additionally, we applied occupancy models (MacKenzie et al. 2002) to evaluate black bear distribution in our study area and to identify factors affecting this distribution under an informationtheoretic framework (Burnham & Anderson 2002) . We predicted that the density of black bears in our study area was low, but because of the abundance of forested habitat in the region, the species would be evenly distributed. We also expected that since evidence suggests that black bears in Kentucky represent an extension of a larger regional population, genetic diversity would be high. Black bear recolonization of this portion of the Appalachian Mountains provides a rare opportunity to study how large carnivores colonize vacant habitats. Noninvasive surveys at large spatial scales combined with statistical modeling are a logical first step in large mammal conservation planning (Larkin et al. 2004 , Dixon et al. 2006 ). As such, our methodologies and general findings should be applicable to other carnivore species colonizing remote, difficult-tosurvey areas.
Material and methods

Study area
Our study area included an 8,205-km 2 area in the southeastern portion of the state of Kentucky, USA. The average elevation of our study area was 450 m a.s.l. Several high-elevation areas (i.e. Pine, Black and Cumberland Mountains) were included in the southeastern extent of our study area where elevations reached 1,262 m a.s.l. (Homer et al. 2004) . Our study area also included a portion of the northern Cumberland Plateau of the Appalachian Plateau physiographic province, which is characterized by forested hills and deep, narrow valleys (Thornbury 1965) . Elevations in this area generally ranged from 300 to 500 m a.s.l. (Homer et al. 2004) .
The study area was predominantly (89%) composed of mesophytic forests, which are characterized by nearly 30 dominant tree species (Ricketts et al. 1999) . Common trees include maples Acer spp., oaks Quercus spp., hickories Carya spp., magnolias Magnolia spp. and birches Betula spp. (Barbour & Davis 1973) . Common understory shrubs throughout the study area included mountain laurel Kalmia latifolia and rhododendron Rhododendron spp. (Barbour & Davis 1973) . Active and reclaimed coal surface mines accounted for approximately 6% of the land cover (Sayler 2006) . The remaining portions of the landscape (5%) were mainly agricultural and developed land (Sayler 2006) . Land ownership in the study area was 6% public and 94% private.
Sampling design
We overlaid a grid composed of 313 contiguous sampling cells across our study area. Each cell was 25 km 2 , which approximated the smallest known summer black bear home range of individuals in our target population (Unger 2007) . This ensured that at least one sampling site was placed in each potential black bear home range (Woods et al. 1999 ). Due to resource constraints and our desire to maximize detection of black bears in our study area, we omitted four cells within this grid because they were . 80% non-forested and thus likely constituted little potential habitat for black bears. We omitted an additional six cells, because we could not obtain permission from landowners for access.
Within each of the remaining 303 sampling cells, we subjectively selected areas most likely to constitute black bear habitat (i.e. including remote, contiguously forested habitat containing mast-producing trees; Brody & Pelton 1989 , Vaughan 2002 , Pelton 2003 to maximize the probability of detecting our target species in each cell if present (Mowat & Strobeck 2000) . We identified these areas using topographical maps, land cover data and visual reconnaissance of sampling areas. Field technicians surveyed each suitable area until they located an appropriate location for installation of a hair-snare (i.e. 3-5 trees capable of holding two strands of barbed-wire and enclosing an area of approximately 15 m 2 ). Since the majority (72%) of the cells were located on private property, our access to an entire cell was occasionally limited because of the inability to gain the landowner's consent. In these situations, we selected the best potential site within a cell to which we could gain access. However, because forest was extensive throughout the study area, we rarely encountered an occasion in which only one location within a cell constituted potential bear habitat.
Our snares were similar to those described by Woods et al. (1999) . Each snare consisted of two strands of barbed wire, wrapped parallel to the ground around 3-5 trees. A strand of barbed wire was placed 25 and 50 cm above ground level to allow sampling of both adult and subadult black bears. We baited snares with two 4.25 oz cans of sardines and checked for the presence of black bear hair every eight days. Each hair snare was active for five 8-day sampling sessions between 15 May and 29 June 2007. Samples collected at hair snares were individually stored in kraft paper envelopes and placed in containers of silicone desiccant to preserve the integrity of genetic material.
Genetic analysis
We pre-screened all samples collected at hair snares using a dissecting microscope to exclude any samples that were not uniformly black with white root tips, indicating a non-target species (Hausman 1920) . Remaining samples were analyzed by Wildlife Genetics International (WGI, Nelson, British Columbia, Canada). WGI genotyped all hair samples at six nuclear microsatellite loci (G10H, G10M, G10L, G10C, G1A and G1D) using the methods described in Woods et al. (1999) to identify individual black bears. WGI employed genotyping quality assurance and error-checking recommendations described in Paetkau (2003) to ensure confident identification of individuals. This included reanalyzing individual genotypes that matched at all but one or two loci (1MM and 2MM pairs, respectively). We calculated the probability of identity (PI), or the probability that a multi-locus genotype was shared by . 1 individual for our genotyping results (Paetkau & Strobeck 1994) . We considered an overall PI , 0.01 to be an acceptable level at which we would conclude proper identification of individuals (Mills et al. 2000) . WGI used a single sample from each individual to assign gender based on size polymorphism at the amelogenin gene (Ennis & Gallagher 1994) . WGI used a mitochondrial test to confirm species (D. Paetkau, WGI, pers. comm.) in samples where microsatellite DNA was insufficient to identify individuality, which allowed the sample to be used to document black bear occupancy.
WGI provided measures of genetic diversity including mean expected and observed heterozygosity, and the mean number of unique alleles at each locus. We used genotyping results to complete tests for a Hardy-Weinberg Equilibrium between genotypes and linkage equilibrium between gene loci to identify evidence of non-random mating (Frankham et al. 2002) . We performed these tests (a¼0.05) using program Genepop 3.4 over 20 batches of 5,000 iterations (Raymond & Rousset 1995) .
Occupancy
We used genotyping results to develop a black bear detection history for each sampling cell. We used occupancy models developed by MacKenzie et al. (2002) to estimate black bear distribution across our study area. We interpreted our estimates as cells 'used' instead of cells 'occupied' following suggestions in MacKenzie (2006) for situations in which geographic and demographic closure are not met for each sampling unit, as we expected in our study. We performed our computations using program MARK (White & Burnham 1999 ).
Habitat variables
In order to refine our estimates of black bear use, we identified landscape-scale habitat variables that may have either affected our ability to detect black bears using our sampling methods, or may be influencing black bear distribution throughout our study area (Table 1 ). All habitat variables were represented as raster data sets in ArcGIS 9.x Geographic Information System (Environmental Systems Research Institute, Redlands, California).
Detection probability
In order to properly incorporate detection probability (p) in our occupancy models, we tested a null model of constant detection probability against three additional models while keeping probability of use constant. First, we tested a model that accounted for variation among our sampling periods. This model allowed for temporal variation in detection probability by estimating a unique probability for each sampling session. This reflected our prediction that weather or natural seasonal changes in black bear activity may have affected detection probability.
We predicted that our probability of detecting black bears may be greater in or near public Table 1 . Source, resolution, range and overall mean and standard deviation across our study area of GIS habitat variables. Habitat variables were used to estimate detection probability and probability of black bear use of eastern Kentucky in 2007. conservation lands vs private lands for several reasons. First, accessibility to public lands was essentially unlimited, and thus, we had no limitations when selecting ideal sampling locations within these areas. Secondly, several ongoing studies of black bear have occurred on public lands in our study area. Some of these studies have involved baiting bears to trap sites, which we predicted may have habituated some bears in these areas to human food. In order to explicitly address this possibility, we tested models that constrained detection probability to be a function of the mean distance from each sampling cell to the nearest public conservation land (habitat variable 'pub'; see Table 1 ). Finally, we tested a model that specified a relationship between detection probability and additive effects of temporal variation and variation due to proximity to public lands. We ranked all candidate models according to their Akaike's Information Criterion (AIC; Akaike 1973) value corrected for small sample size (AIC c ; Burnham & Anderson 2002 ) and regarded the model with the lowest AIC c value as our best model. We used the overall detection probability formula 1 À -
(1 -p i ) to calculate the probability of detecting black bear at least once during k ¼ 5 sampling sessions (MacKenzie 2006) .
Probability of use
We tested a candidate set of 13 a priori models that constrained probability of use (W) to be a function of various additive and interactive combinations of site-specific habitat variables (see Table 1 ). Several models included variables that addressed fundamental factors affecting the quality of black bear habitat, including the availability and contiguity of forests (Pelton 2003) . Since human activity and accessibility have been shown to affect black bear habitat use (Brody & Pelton 1989 , Kasworm & Manley 1990 , VanderHeyden & Meslow 1999 , we considered models that tested the influence of roads and human populations in our study area. We also tested models that represented the prediction that higher elevations and rugged terrain may be of particular importance in our study area by limiting development and human access (Nelleman et al. 2007 ). We included several models that addressed our prediction that forest protection measures on public conservation lands may serve as black bear refugia from other areas where anthropogenic disturbance is more prevalent. Finally, we tested models that represented the prediction that patterns of black bear use of our study were a function of a population in the early stages of recolonization of the state (i.e. the population has simply not had adequate time to expand far from its source population).
We ranked all candidate models according to AIC c values, and regarded the model with the lowest AIC c value as our best model. We considered models that were ranked within four AIC c values of the best model to be competing, and we averaged parameter estimates from competing models using program MARK. We averaged beta-coefficients and standard errors of all covariates included in competing models (Burnham & Anderson 2002) , which allowed us to assess the relative strength of each variable in predicting black bear use. We also assessed the overall support for each variable included in competing models by summing the AIC c weights of competing models in which that variable was included (Burnham & Anderson 2002) . We calculated the probability of use for each 25-km 2 sampling cell using the logistic model described in MacKenzie et al. (2002) .
We assessed goodness-of-fit for occupancy models using the median c-hat test in program MARK. This test is not available for models that include individual covariates, so we tested the most fullyparameterized models that did not include any of our habitat variables (i.e. model: p(t)W(.)). Regardless, this technique provides an acceptable measure of model goodness-of-fit, as model fit will only improve with the inclusion of additional covariates (G.C. White, Colorado State University, pers. comm.).
Density
We used the results of genetic analysis to assemble capture-recapture encounter histories for each individual black bear sampled in our study. The simplest method to estimate population density from capture-recapture data is to first estimate capture probability and abundance using one of a variety of applicable models (Otis et al. 1978 , Williams et al. 2002 , and divide abundance estimates by the size of the study area. However, this approach poses several problems. First, this method requires that the area occupied by the target species is known. Second, the majority of these models assume that a population is closed to demographic changes during at least a portion of the study duration, which is unlikely in many ecological investigations and can bias estimates (Kendall 1999 , Boulanger & McLellan 2001 .
To avoid these potential confounding issues, we employed spatially explicit capture-recapture (SECR) methods (Efford 2004) . SECR estimates population density explicitly based on capturerecapture encounter histories and home ranges inferred from the spatial location of captured individuals (Efford 2004 , Royle & Young 2008 , Obbard et al. 2010 ). SECR models do not make inferences based on trap layout, and thus do not require ad-hoc definition of the 'effective study area'. Furthermore, demographic closure is not an assumption of the SECR approach. SECR models estimate three main parameters: the magnitude of the capture probability (g 0 ), the spatial extent over which capture probability declines (r) and population density (D).
We used SECR models to estimate population density for all sampling cells within our study area where black bear occupancy was estimated to be ! 0.25. We utilized a maximum likelihood approach at fitting SECR models (Efford et al. 2009 ) using program DENSITY (Efford 2008 ). We assumed a Poisson distribution of home range centers and a half normal spatial capture probability function. We developed a suite of models a priori that specified combinations of different forms of variation in g 0 and r. We considered models that kept both g 0 and r constant. We also considered models that allowed g 0 and r to vary temporally among sampling sessions. We considered a behavioural response for both parameters since we were using a caloric reward as bait. Finally, we considered models that modeled g 0 and r with heterogeneity in a two-point mixture.
We ranked all candidate models according to support given to our data using AIC c values. The model with the lowest AIC c value was considered to be our best model, and density estimates were used from our best model. We extrapolated overall abundance (N) asN ¼D x the size of our study area.
Results
Field sampling and genetic analyses
We collected a total of 1,402 hair samples from 254 hair snares, with the remaining 49 snares collecting no hair. Of the 1,402 collected samples, 328 samples exhibited microscopic characteristics of black bear hair (Hausman 1920) , and were submitted to WGI for genotyping. Of these 328 samples, we discarded 134 because of lack of a sufficient number of follicles for DNA extraction (N ¼ 131) , or because they were from non-target species (N ¼ 3). A total of 194 samples collected from 36 unique hair snares were positively identified as black bear (Fig. 1 ). Of these, 192 were matched to 54 individuals, including 20 males and 34 females. From these individuals, 38 were snared during only one sampling session, 10 were snared twice, five were snared three times and one was snared four times.
Genetic variability within hair samples was high, with mean observed (H O ) and expected (H E ) heterozygosities calculated as 0.81 (SD¼ 0.05) and 0.80 (SD¼ 0.06), respectively. Mean number of observed alleles at each locus was 7.5 (SD ¼ 1.76). Deviations from the Hardy-Weinberg equilibrium were not detected at any loci (P . 0.08). Linkage disequilibrium was detected between one pair of loci (G1A, G10M; P ¼ 0.003), although considering the high genetic diversity suggested by other measures, this is likely because of a recent admixture of alleles as opposed to non-random mating (Frankham et al. 2002) . The overall probability of identity using the frequency of alleles at genotyped loci suggested that the likelihood of two individuals sharing the same genotype was extremely low (PI ¼ 4.70E-30). The high level of variability within genotypes, along with the infrequency of 1MM (N ¼ 1) and 2 MM (N ¼ 5) suggested high accuracy of genotyping results.
Probability of use
When considering detection probability alone, all of our a priori models ranked higher than our null model (Table 2 ). Our best model suggested that black bears were more likely to be detected in close proximity to public conservation lands (b¼-1.66, SE ¼0.33), and that detection probability varied among sampling periods (Table 3) .
Three of our a priori occupancy models were found to be competing (Table 4) . After averaging parameter estimates from competing models, black bear use was found to be correlated most strongly with higher elevations (ELEV: b ¼ 2.43, SE ¼ 0.68). The sum of competing model weights indicating a positive relationship between elevation and black bear use of our study area was 0.9, suggesting strong evidence for this relationship. Elevation in areas that we predicted to have ! 0.25 probability of being occupied by black bears averaged 659 m (range: 481-1,042 m), in contrast to an average elevation of 445 m (range: 272-653 m) in areas that we predicted to have , 0.25 probability of being occupied.
Out of three competing models, two suggested that black bears were more likely to use areas close to public conservation lands (PUB: b ¼ -1.80, SE ¼ 0.83). The summed weights of these two competing models was 0.79, indicating a moderate to strong relationship between black bear use of our study area and proximity to public conservation lands. One competing model suggested that black bear use was negatively correlated with the percent of forest cover (PERFOR: b¼-0.086, SE¼0.19). Considering standard error, lack of support of this variable in multiple models, and low summed model weights supporting this variable (0.11), we considered the importance of PERFOR to be negligible. Using model-averaged results, overall detection probability was 0.68 (SE¼0.07). A median c-hat test based on model p(t)W(.) suggested adequate model fit for these data (c-hat¼0.976). Calculation of site-specific Table 2 . Rankings of 2007 eastern Kentucky black bear occupancy models that allowed for different forms of variation in detection probability (p) while keeping occupancy constant. Our best model suggested a positive relationship between detection probability and proximity to public conservation lands as well as temporal variation across sampling periods. (25-km 2 sampling cells) probabilities of use by black bear using model-averaged beta estimates suggested that high probabilities of black bear use were localized to southeastern portions of our study area (Fig. 2) .
Density
Our best SECR model of population density included heterogeneity with both g 0 and r (see Table 2 ). Our best model estimated density as 7.51 bears/100 km 2 (95% C.I.: 5.37-9.66 bears/100 km 2 ). The mixing proportion was 0.99. Estimates of g 0 and r under this model were 0.18 (SE ¼ 0.06) and 1,610 m (SE ¼ 300 m), respectively. Density estimates corresponded to an estimated abundance of 130 bears (95% C.I.: 92-165 bears).
Discussion
Our results suggest that contrary to our expectation, the black bear appears to be limited in its distribution to the southeastern portion of our study area, with the probability of encountering a black bear decreasing drastically as one travels west and northeast (see Fig. 2 ). The lack of evidence suggesting that the black bear colonization has proceeded further west and north may reflect the population existing below saturation density in areas currently used by the species (Sinclair 1992) . Indeed, the apparent female-biased sex ratio found through our sampling was similar to reports from expanding bear populations elsewhere (Swenson et al. 1998 , Bales et al. 2005 , and combined with high fecundity (Unger 2007) suggests that the number of black bears in our study area is likely to increase. Furthermore, the estimated current density of black bears that comprise the colonization front that we studied fell well Table 4 . Rankings of the 2007 eastern Kentucky black bear occupancy models. The models included different combinations of site-specific habitat variables as covariates affecting occupancy (W). Only the top three models were competing, and beta estimates from these models were used to calculate site-specific probability of black bear use across our study area. a All models included the most appropriate form of detection probability [p(t þ pub)] as determined in the first step of fitting occupancy models (see methods). & Pelton 1994) . In North Carolina and Virginia, black bear population density at several intensively-studied areas has been estimated to range from 46 to 130 bears/100 km 2 (Tredick & Vaughan 2009 ). Therefore, if black bear habitat exists in even moderate quality in our study area relative to elsewhere in the region, it is likely that over time, the current habitat will become saturated and westerly colonization will proceed.
However, if indeed the lack of further westerly expansion of the black bear population to date is simply dependent on the population existing below saturation density in currently used areas, we would expect males to dominate the periphery of these areas (Swenson et al. 1998 ) with dispersing males distributed throughout our study area (Rogers 1987) . Instead, we found limited evidence of black bear dispersal of either sex away from extreme southeastern portions of our study area (see Fig. 1 ). Further, home ranges measured in previous studies of the population that we sampled did not extend outside of areas we predicted to have a high probability of use by black bears (Unger 2007) . Also, we found no support for our model predicting that black bear use was simply a function of the distance from the colonization source. Therefore, although an increase in abundance is probable in current black bear habitat throughout our study area, the future trajectory of the black bear range expansion remains uncertain.
It is possible that barriers, in the form of changes in habitat and/or terrain that occur outside the occupied area, are limiting dispersal away from currently used areas (Gaston 2003 , Onorato et al. 2004 . We found that black bear use of our study area was most strongly correlated with high elevation. Although high elevation is not a requirement of black bear use throughout the species' range, it does appear to influence black bear ecology in portions of the Appalachian Mountains. For example, despite an available elevational range of 260-2,025 m, the majority (83%) of black bear winter dens located in Great Smoky Mountain National Park, Tennessee, were at elevations . 1,000 m (Pelton et al. 1980) . Elevation also influenced seasonal differences in the establishment of home-range activity centers in the same study area, and likely reflected seasonal variation in food availability between elevations (Garshelis & Pelton 1981) . Black bear home ranges in Great Smoky Mountain National Park during the spring/summer period, which coincided with the season in which our hair snares were active, averaged 980 m (range: 690-1,350 m; Garshelis & Pelton 1981) . In our study area, only elevations in areas that we predicted to have ! 0.25 probability of being occupied overlapped the range of elevations of summer black bear home ranges reported by Garshelis and Pelton (1981) , whereas areas that we predicted to have , 0.25 of being occupied by black bears were found at lower elevations.
In our study area, high elevations are associated with large tracts of relatively contiguous forest. Areas of higher elevation also receive less human use than do lower elevations where transportation networks have been developed and most people live. Roads and associated developments can be semipermeable barriers for black bear dispersal (Berringer et al. 1998 , Larkin et al 2004 . The permeability of these land uses is dependent on the degree of human activity, traffic volume and road type (Brody & Pelton 1989 , Larkin et al. 2004 ). Additionally, public conservation lands, which we found to be moderately important to black bears, coincide with high elevations in our study area. These conservation areas included State and National Forests, National Parks, State Nature Preserves and State Wildlife Management Areas. The designation of such areas mandates wildlife and forest stewardship that may be absent on privately-owned lands that are more subject to disturbance and driven by different management philosophies. In Tennessee, Pelton et al. (1980) suggested that the availability of tree dens, an important factor of female and cub survival, may be limited outside protected areas due to differences in forest management practices. This finding may help explain the lack of a relationship between black bear use and the abundance and/or contiguity of forests in our study, characteristics that are generally thought to influence the distribution of black bears (Pelton 2003) . It is possible that although forests are widespread throughout our study area, public forest management has resulted in more favourable conditions (e.g. greater availability of mast and availability of den sites) than those found in privately-owned areas. Such stewardship and rugged terrain may have created a network of bear refuges that has resulted in the disproportionate distribution of black bear in the most mountainous portion of our study area.
Although public conservation lands are available to the west, north and northeast of our study area, high elevation areas are not (Fig. 3) . Thus, if landscape use by black bears is indeed dictated most strongly by habitat characteristics associated with high elevation areas, the lack of these areas to the west, north and northeast may inhibit further expansion. Under this scenario, since high elevations are unavailable, public conservation lands may provide critical habitat to colonizing individuals. A loss of genetic diversity can occur when a new population is founded by a small number of individuals from a larger source population (Mayr 1963) . Low genetic diversity can lead to inbreeding and a decrease in population viability (Frankham et al. 2002) . Despite a relatively low population density and limited distribution, our results suggest that genetic diversity in the population of black bears that we sampled is high. Expected and observed heterozygosity, and mean number of alleles at genotyped loci are similar to the highest levels of genetic diversity reported in other bear populations where many of the same loci were examined (Paetkau et al. 1998 , Belant et al. 2005 , Dixon et al. 2007 ). This result supports our original prediction, as high genetic diversity would be expected if black bears in our study area indeed represent a western expansion front of a continuous regional population that includes bears in neighbouring states.
Our study provides the first empirical estimate of the extent of the recolonization of historic range by the black bear into a large portion of the central Appalachian Mountains. Previous efforts aimed at assessing demographic information of the black bear in our study area which were hindered due to the wide area thought to be occupied by the species, and the difficulty in gaining permission to conduct sampling on private land. Through this study, we found that the use of hair snares or other remote sampling tools may be a particularly useful tool for monitoring wildlife populations on private land, as their passive operation, simple and temporary setup and the overall short duration required for sampling generally led to wide acceptance by landowners.
To date, no reliable method exists to define the spatial extent of a sampled population, or an 'effective study area' when using classical capturerecapture methods to estimate population density (Efford 2004) . Furthermore, the assumption of closure in classical capture-recapture models is difficult to meet in many ecological studies (Boulanger & McLellan 2001 , Mulders et al. 2007 , and biases resulting from the violation of these assumptions can be substantial (Kendall 1999) . SECR, therefore, provides a useful alternative approach for the estimation of population density where classical capture-recapture assumptions are unlikely to be met. SECR models do rely upon assumptions including the statistical distribution of capture probability and the spatial distribution of home ranges (Efford 2004) . However, SECR models are generally thought to be very robust to relaxation of these assumptions in studies of many species including black bears (Obbard et al. 2010) . Thus, we expect that our estimates of black bear population density are accurate. For our occupancy models, we clearly exceeded the suggested overall P ! 0.50 threshold and employed . 3 sampling sessions beyond which parameters are generally estimated without bias (MacKenzie & Royle 2005) .
Management implications
At this time, although it appears that the population density of black bears in our study area is Figure 3 . Elevation above sea level in and around our study area. According to occupancy modeling, high elevations are the strongest predictor of black bear use of our study area. The lack of high elevations to the west, north and northeast of our study area may constrain further expansion into the state of Kentucky. lower than populations in other portions of the Appalachian Mountains, an unassisted increase in the number of black bears may be likely. However, until an increase in black bear abundance occurs, this expanding population may be sensitive to management activities that result in black bear mortality (e.g. hunting), particularly to females. At this time, the population does not appear to suffer any threat of genetic isolation, although maintenance of high genetic diversity may rely on the identification and preservation of linkages connecting black bears in our study area with the greater Appalachian population.
Our analysis suggests that the highest elevations and conservation lands may at present represent the 'best' black bear habitat in our study area. The current self-sustaining nature of the population and further geographic and demographic expansion may depend on protection of bears and their habitat in these areas (Berringer et al. 1998) . Elevations of the magnitude in currently occupied areas do not exist to the north and west. Thus, further westerly black bear colonization may be reliant on the preservation and connectivity of the conservation land network or may require the use of landscapes that are not currently being utilized. Periodic hair snare surveys will likely be an important tool in understanding black bear dispersal and colonization behaviour and the factors that have, thus far, limited a more uniform distribution across this mountainous region.
